INTRODUCTION
============

Carcinoid tumor, also called neuroendocrine tumor, has a potential of progressing to malignancy. In 1907, Oberndorfer[@B1] first described \'karzinoide\' for tumors with the appearance of clinically benign course but pathologically closer to malignancy, and then Gosset and Masson[@B2] first established the concept of endocrine tumor in 1914.

Carcinoid tumors may affect various organs with neuroendocrine cells, such as gastrointestinal (GI) tract, bronchus, lung, thymus, kidney, ovary and testis, but 75% to 90% of carcinoid tumors occur at the GI tract.[@B3]-[@B5] The incidence of GI carcinoid tumor is around 2.5 to 5 per 100,000 people, but the incidence and prevalence is increasing because of the recent technical improvement in endoscopy and radiology.[@B6] Rectum is the third commonly affected lesion of GI carcinoid tumor, following small intestine and colon including appendix,[@B7] and the prevalence is reported around 0.05% to 0.07% with endoscopic screening.[@B8]

Rectal carcinoid is found asymptomatic in about 50% of patients, who are diagnosed early as a small-size asymptomaticcarcinoid tumor incidentally by colonoscopy, sigmoidoscopy or rectoscopy performed for regular check-up. About 80% of typical rectal carcinoid cases are 10 mm or less in size, restricted in submucosal layer without metastasis, its 5-year survival rate estimated around 88.3%,[@B7] which is why most rectal carcinoid cases, with sizes of 10 mm or less, are removed by minimal invasive procedures such as endoscopic or transanal resection.[@B9] However, more than 75% of rectal carcinoids are infiltrat-ed into the submucosal layer, making complete resection with polypectomy more difficult,[@B10] and requiring additional surgical interventions in case of incomplete resection. Various endosco-pic resection methods have been introduced, therefore, to obtain sufficient resection margin including submucosal lesion.[@B7]

Endoscopic submucosal resection with band ligation (ESMR-L) ligates tumor with a band and places a snare below the band for resection, enabling deep vertical resection margin and higher complete resection rate.[@B11],[@B12] We compared the outcomes of treatment between ESMR-L and conventional snare polypectomy, among endoscopic resection methods for 10 mm or less rectal carcinoid without metastasis.

MATERIALS AND METHODS
=====================

Study population
----------------

The study was performed in rectal carcinoid cases who received endoscopic resection at Busan Paik Hospital and Kosin University Gospel Hospital between January 2005 and September 2010. Rectal carcinoids 10 mm or less in size on endoscopy and without metastasis on imaging such as abdominal computed tomography (CT) were defined as the indication of endoscopic resection. We retrospectively investigated the patients\' ages, genders, tumor sizes, locations and malignancy potential at diagnosis, as well as the histologic findings, tumor sizes, involvement of the resected margins and mucosal and proper muscle invasion of the resected tumors.

Resection methods
-----------------

### Polypectomy

Tumor was first elevated by submucosal injection of the mixed solution (injection fluid) of hypertonic saline, indigo-carmine and epinephrine diluted to 1:1,000, and then the lesion was snared and resected by using electrocautery ([Fig. 1](#F1){ref-type="fig"}).

### ESMR-L

The lesion was elevated by submucosal injection of the same injection fluid, and then the distal end of the endoscope was equipped with the band ligator (Akita Sumitomo Bakelite Co., Ltd., Tokyo, Japan). The tumor was ligated with the band ligator while suctioning, which was then resected by using electrocautery with the snare placed below the band ([Fig. 2](#F2){ref-type="fig"}).

Statistical analysis
--------------------

Student t-test was performed for analysis of patients\' age, tumor sizes and distances from anal verge of each group. Gender, ratio of positive resection margin (both vertical and lateral), mucosal involvement and complication were analyzed using Fisher\'s exact test; variables affecting complete resection rate were validated with multivariate logistic regression method. A *p*-value of less than 0.05 was considered statistically significant. SPSS version 18.0 for windows (SPSS Inc., Chicago, IL, USA) was used for every statistical analysis.

RESULTS
=======

A total of 88 patients, who received endoscopic resection for rectal carcinoid, were included in the study. Patients\' age ranged from 13 to 72 years; 57 were male and 31 were female patients. Tumor size ranged from 2 to 10 mm, and the distance from anal verge was 2 to 15 cm. Thirty-three out of the overall patients received ESMR-L.

Results of polypectomy and ESMR-L
---------------------------------

The rate of positive resection margin was significantly higher in the polypectomy group (19/55 \[34.5%\]) compared to the ESMR-L group (2/33 \[6.1%\], *p*=0.002), with marked difference in vertical resection margin (19/55 \[34.5%\] and 1/33 \[3.0%\], respectively, *p*\<0.001). Patients in the ESMR-L group were older than those in the polypectomy group, which did not affect the study result. Immediate and delayed post-resection bleeding was found, 1 case for each, in the ESMR-L group, which was not statistically significant. There was no case of perforation in either group ([Table 1](#T1){ref-type="table"}).

Results based on pathologically complete resection
--------------------------------------------------

Pathologically complete resection was defined by the existence of normal tissues in the mucosa or submucosal layer surrounding both vertical and lateral aspects of the tumor without any tumor cell in the resection margin on microscopy. Complete resection rate was significantly higher when the tumor was nearer from the anal verge (*p*=0.003) and in the ESMR-L group (*p*=0.002) ([Table 2](#T2){ref-type="table"}).

Multivariate logistic regression analysis
-----------------------------------------

Variables that could affect the complete resection rate, such as age and distance from the anal verge, were analyzed and were found significant only in the ESMR-L group with the odds ratio of 0.095 (95% confidence interval, 0.018-0.505; *p*=0.006) ([Table 3](#T3){ref-type="table"}).

Follow-up
---------

Every patient receiving endoscopic resection went through the colonoscopy and abdominal CT, and is currently on the follow-up without the need for an additional intervention.

DISCUSSION
==========

GI carcinoid tumor is a condition with the incidence of 2.5 to 5 per 100,000 people, and the incidence is ever increasing because of the technical improvement in endoscopy and radiology. Modlin et al.[@B6] reported that the incidence have increased 4.6 times for small intestine and 7.2 times for the entire GI tract, over the past 3 decades. Rectal carcinoid is a rare condition accounting for only 1.1% to 1.3% of the overall rectal tumor cases.[@B13],[@B14] Nonetheless, rectum is the third common lesion of GI carcinoid tumor,[@B7] accounting for 36% to 72.3% in South Korea, which is higher than 10% to 15% reported in Western countries.[@B15]-[@B19]

The two most significant prognostic factors of carcinoid tumor are the tumor size and microinvasion to the proper muscle layer. In large studies, the rate of lymph node metastasis of rectal carcinoid was found around 3% to 9.8% when the size was 10 mm or less, 17% to 81% when 10.1 to 20 mm, and 60% to 80% when 20 mm or more.[@B6],[@B7],[@B20]-[@B26] About 80% of typical rectal carcinoid cases are 10 mm or less in size, restricted in submucosal layer with less metastasis, contributing to its favorable prognosis with 5-year survival rate estimated around 88.3%.[@B7] For this reason, local treatment with endoscopic resection or minimal invasive surgery, rather than radical resection, is preferred in many cases.[@B8],[@B9],[@B22],[@B25]-[@B28] Rectal carcinoid of 10 mm or less in size, without lymphovascular, proper muscle invasion or lymph node metastasis, is reported to have good prognosis of around 98.9% to 100% of 5-year survival rate.[@B6],[@B21],[@B22],[@B29]

Kobayashi et al.[@B30] reported that tumors of 10 mm or less in size, without invasion to the proper muscle layer on endoscopic ultrasound nor concomitance with tumor retraction or ulcer, are completely resectable with polypectomy. It is considered diffi-cult, however, to achieve pathologically complete resection with polypectomy, since 75% of rectal carcinoids are infiltrated into the submucosal layer.[@B10] The complete resection rate of polypectomy varies from 28.6% to 100%, according to the literature; it is commonly known as 64.8% on average,[@B8],[@B11],[@B31]-[@B37] which is comparable to the mean 65.5% in this study. Incomplete resection might cause additional endoscopic or surgical therapy to remove remnant tumor, which is why we need a specific therapeutic endoscopic procedure that could provide deeper, wider resection for removal of submucosal lesion with sufficient resection margin.

Rectum is fixed to the retroperitoneum, facilitating endoscopy, and peritonitis is rarely occurred even when the serosa was perforated; therefore, options of therapeutic endoscopic methods are wider for rectum compared to other organs, including strip biopsy,[@B31],[@B32] suction polypectomy,[@B34],[@B35] ESMR-L[@B38],[@B39] and endoscopic submucosal dissection[@B35]-[@B37] as the most effective endoscopic treatment methods reported for rectal carcinoid.

ESMR-L provides deeper vertical resection margin, hence higher complete resection rate, by suction and band ligation of the lesion followed by resection with snare placed below the ligated band.[@B11],[@B12] Complete resection rate of ESMR-L was reported around 95.2% to 100% in the literature[@B11],[@B12],[@B38],[@B39] and 93.9% in this study, which are exceptionally higher than that of conventional polypectomy. Studies by Berkelhammer et al.[@B38] and Moon et al.[@B39] reported 100% of complete resection rates; but with only 5 and 11 subjects included, respectively, those results were not suitable for generalization. The study by Mashimo et al.[@B12] was performed in a larger population of 63 patients, but was limited due to the lack of comparison with polypectomy as well as the data on whether the positive resection margins occurred in 3 patients were vertical or lateral. The study by Ono et al.[@B11] is the only one that performed comparison with polypectomy, with more than 10 cases per each group. The present study is distinct from the previous studies in including as many cases as 33 patients and 55 patients per each group, with more patients in the control (polypectomy) group. This study also performed analysis on both lateral and vertical resection margins, which could provide, through follow-up, a basis for the analysis on the risk of recurrence in the future.

Theoretically, ESMR-L is expected to have higher risk of perforation and significant bleeding than polypectomy due to the vertically deeper resection. Five patients (7.9%) in the study by Mashimo et al.[@B12] also experienced bleeding requiring endoscopic coagulation procedure. Endoscopic submucosal resection with double ligation technique is reported to be able to achieve deep resection margin with reduced complications at the same time, by placing a detachable snare below the ligated band and resecting in the between of them.[@B39] We did not use a detachable snare in this study, but not a case of perforation occurred, and the one case of each (6.1%) immediate and delayed bleeding were mild cases that were controllable with endoscopy without a need for surgery for bleeding control or blood transfusion, suggesting that ESMR-L was generally and relatively safe.

Ishikawa et al.[@B40] noted that the lower rectum has significantly thicker internal wall than the upper rectum or colon. The wall thickness of the upper rectum is not significantly greater than that of the sigmoid colon. The internal wall of the lower rectum is supported by the surrounding connective tissues, thus it is not perforated by sufficient suction for endoscopic resection and enables deeper vertical resection margin. That seems to explain why the ESMR-L was superior in complete resection rate than conventional polypectomy. The findings of this study also suggests that lesions, located in the within 10 cm of lower rectum, achieved better complete resection rate by endoscopic treatment.

Cases with positive resection margin, after the endoscopic resection of carcinoid tumor, were followed without additional treatment, and have been reported not to have a remnant tumor, relapse or metastasis. The heat generated during the resection might have destroyed the neighboring remnant tumor cells,[@B8],[@B31],[@B33],[@B40],[@B41] but we should not exclude the possibility that recurrence or metastasis was not detected in short-term follow-up due to the slow progression of carcinoid tumor.[@B19]

This study has several limitations. First, the fact that each of the two institutions of this study preferred different endoscopic resection methods might have been a confounding factor. The results of this study on complete resection rate were similar to previous reports, though, suggesting the collected data was appropriate. Second, as the nature of a retrospective study, we could not exclude the possibility of selection bias. The possibility seems low, however, because the difference of tumor size and location between the two groups was not statistically significant, although some of the variables were different for each group. The results and period of the follow-up, after the endoscopic resection, were not specified. Prospective, multi-center studies, with validated protocol and longer follow-up period, are warranted.

In conclusion, Small rectal carcinoids, without metastasis, are generally treated with endoscopic resection. A specific endoscopic resection method is required, however, for conventional polypectomy is more likely to cause incomplete resection. ESMR-L, with deeper resection and easier procedure, is known to be effective for small rectal carcinoids. This study also suggested that ESMR-L achieved higher complete resection rate than conventional polypectomy, in treating rectal carcinoids of 10 mm or less in size. Further prospective multi-center studies, with longer follow-up period, are required on this issue.
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![Conventional polypectomy. (A) There is a 6 mm-sized yellow colored submucosal tumor at rectum. (B) Submucosal injection is done. (C) Snaring of the elevated submucosal lesion is done. (D) It shows a post-polypectomy ulcer.](ce-45-89-g001){#F1}

![Endoscopic submucosal resection with band ligation. (A) There is a 6 mm-sized yellow colored submucosal mass at rectum. (B) Tumor is aspirated by band ligation cap. (C) Tumor is ligated by band. (D) Snaring of the ligated tumor below band is done.](ce-45-89-g002){#F2}

###### 

Demographic Characteristics and Endoscopic Findings in Patients with Rectal Carcinoid Resected by Polypectomy and ESMR-L
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Values are presented as mean±SD or number (%).

ESMR-L, endoscopic submucosal resection with band ligation.
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Demographic Characteristics and Endoscopic Findings in Patients with Rectal Carcinoid Resected Completely and Incompletely
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Values are presented as mean±SD or number (%).

ESMR-L, endoscopic submucosal resection with band ligation.
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Multivariate Analysis of Risk Factors of Complete Resection
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CI, confidence interval; ESMR-L, endoscopic submucosal resection with band ligation.
